How has the emergence of defined contribution pension plans, such as 401(k) plans, affected the financial security of future retirees? We consider this question using a unique dataset of pension plan formulas for the Surveys of Consumer Finances in 1983 and 1989 and the characteristics of 401(k) plans from the Surveys of Consumer Finances between 1989 and 2001. Our simulations account for uncertainty in earnings and rates of return on stocks and bonds, ownership of company stock, uncertainty in earnings, and heterogeneity in asset choices, plan participation, and job tenure. We find that in the mid-1990s, 401(k) plans were roughly equivalent to defined benefit plans from the 1980s, but by the later 1990s, 401(k) plans dominated defined benefit plans.
I. Introduction
Two decades ago, most workers with pensions had a defined benefit (DB) plan. The employer made necessary contributions and investments to meet promised pension benefit payments when the employee retired. By 1993, the tide had turned; more than half of covered employees participated primarily in defined contribution (DC) pensions such as 401(k) plans (EBRI, 1997) . This dramatic shift was associated as well with growing concerns about the emerging 401(k) plans. Some viewed 401(k) plans as a crisis waiting to happen when current generations, having made minimal (or no) contributions to their DC plan, retired with inadequate pension asset balances (Ferguson and Blackwell, 1995; Willette, 1995) . Another concern was that workers switching jobs would use the lump sum distributions for houses, boats, or other purchases rather than reinvesting them in another retirement account (Schultz, 1995; USDOL, 1998b) . In a similar vein, newly retired workers may not roll over the assets into an annuity and therefore risk "spending down" their retirement wealth too early (e.g., Brown and Warshawsky, 2001 ).
The most serious charge against 401(k) plans, however, has been the underlying uncertainty in rates of return, shown most recently by the unhappy experiences of Enron employees with 401(k) plans heavily laden with Enron stock. We characterize the distribution of pension benefits by simulating a broad range of earnings paths, portfolio composition (including company-owned stock), and portfolio returns through the weighted samples of DB and DC plans. Our main finding is that by 1995, the typical 401(k) plan yielded roughly similar median benefits (and higher mean benefits) compared to defined benefits plans in 1983 and 1989, although the 10 th percentile benefits were consistently lower. A utility-based comparison of the distributions suggests that in 1995, individuals with risk aversion parameters between 2 and 6 (depending on the simulation) would have been indifferent between a randomly chosen 401(k) and a defined benefit plan from the 1980s. By the end of the decade, however, 401(k) plans provided a distribution of expected retirement income 3 Holden and Vanderhei (2002b) are an important exception; they develop a 401(k) model of accumulation under uncertainty, but they do not compare the resulting returns to the universe of defined benefit plans.
that would be preferred by all but the most the risk averse consumers. Our findings are not dependent on the extraordinary gains in equity markets during the 1990s because we exclude equity returns after 1990, a year in which the Dow Jones Industrial Average never closed above 3000.
Our basic results also extend to job spells in which workers leave the firm before retirement. The concern that workers will spend rather than save their pre-retirement distributions from 401(k) plans is more than offset by the backloading of DB pension accruals, or the loss to employees in DB benefits that occurs when they leave prior to plan retirement ages.
An important difference is that workers between jobs with 401(k) plans get to spend their pension balances on things that they want, rather than having the lost benefits remain with the DB plan sponsor. In short, our results suggest that 401(k) plans are not the ticking time bomb that many fear. We identify two factors that are critical, however, in the comparison of 401(k) with defined benefit plans: the small fraction of workers without any contributions to their 401(k) plans, and burdensome administrative or operating expenses for 401(k) investments.
II. Modeling the Distribution of DB and DC Pension Benefits
Defined contribution plans have experienced rapid growth in the past two decades (VanDerhei and Copeland, 2001) . During the early 1980s, DC plans appeared primarily as a way to supplement an existing DB plan. Over time, however, firms began to introduce DC plans as the primary pension plan, forsaking DB plans altogether, or at least in smaller firms, to terminating the DB plan and replacing it with a DC plan (Papke, 1995 (Papke, , 1999 Ippolito and Thompson, 2000) . Among workers covered by pension plans, the share with primary defined contribution plans, largely 401(k) plans, grew from 38 percent in 1992 to 57 percent in 1998 (VanDerhei and Copeland, 2001 ).
The defining characteristic of a DB plan is that the firm promises to pay the worker a nominal annuity based on a set of formulas related to the worker's age, years of service, and final average pay (Gustman and Steinmeier, 1989) . 4 Final average pay may be the average of the last few years of earnings but is more often the average of the highest few years or the highest consecutive years during the last few years. (The distinction matters when wages are stochastic or decline later in the work life.) Many plans specify a replacement rate per year of service, but the replacement rate varies substantially across firms. 5 Other plans pay a flat rate of benefits in dollar terms per year of service worked (Kotlikoff and Smith, 1983) .
Some DB plans are also integrated with Social Security to varying degrees, and most have more than one formula that can be operative for a given worker. Finally, there are differences in how DB plans treat early retirement, both in terms of what is considered a "normal" retirement date and the extent to which benefits are reduced because of early retirement. 6 Given the heterogeneity in the specific features of each DB plan, there is no way to accurately characterize the distribution of benefits without the full summary plan descriptions provided in a dataset such as the Pension Provider Survey.
In contrast to DB plans, DC plans differ across firms along just two key dimensions. The first is the total contribution rate. Contributions may come from the employee, the employer, or both. Some DC plans are non-contributory, so that the employer funds the entire pension.
Others, such as many 401(k) plans, explicitly link the amount of the employer contributions to 4 Allen, Clark, and McDermed (1992) report that some firms gave ad hoc increases in pension benefits to account for inflation between 1983-1987. The likelihood of receiving such ad hoc adjustments is not reflected in our calculations. However, all pension plan formulas have been modified so that dollar amounts specified in nominal terms are indexed to nominal wage growth. 5 For example, if the replacement rate is 1.5 percent per year of service and the number of years of service is 20, the replacement rate would be 30 percent of final average pay. 6 For a discussion of how these incentives affect retirement, see Gustman and Steinmeier (1986) , Stock and Wise (1990) , Samwick (1998), and Woodbury (2001) .
the amount of the employee contributions through a "matching" provision, commonly ranging from $0.10 to $1.00 per dollar of employee contribution. The second dimension along which DC plans differ is the investment allocation. Some plans subsidize (and actively encourage) the purchase of company stock, while others limit investments to an array of diversified stock and bond portfolios.
We employ two different approaches to comparing pension distributions. The first approach is a counterfactual experiment. In the counterfactual, we estimate benefits for the sample of workers covered by their actual pension plans in the PPS 1983 or 1989. We then assign each worker a randomly chosen 401(k) plan from an SCF in the years 1989 through 2001.
In both the DB and 401(k) scenarios, the realizations of earnings are identical for each worker, and workers are assumed to have worked at the firm from their date of hire until age 62.
Our second approach to comparing pension plans is to use a hypothetical benchmark worker. We endow the benchmark worker with the average characteristics (age, date of hire, earnings) of the PPS sample. We calculate the benefits for the benchmark worker in each pension plan from the PPS assuming the worker is covered by the plan from age 31 to age 62.
As in the counterfactual approach, we compare the distribution of benefits under the PPS plans and randomly assigned 401(k) plans. There are three key differences between the approaches.
The first is that the benchmark approach allows us to better compare the evolution of plan generosity over time-separately from changes in the characteristics of workers covered by these plans. The second is that it allows the evaluations of pension benefits for hypothetical job changes. And finally, it allows the ranking of the 401(k) and DB benefits in a utility framework with specified risk aversion parameters.
In both approaches, we specify pension benefits for worker i as . Clearly, both earnings and rates of return are stochastic, so each worker may face considerable uncertainty about his benefits at retirement. The probability that worker i receives retirement benefits from his pension plan that are less than a given level B is written:
here F i (B) is the probability of observing vectors and such that the resulting pension benefit is less than a given level B. 
where I is an indicator value that takes the value of one when the statement is true and zero otherwise, and S(π i ) is the integer number of earnings and asset return simulations performed for each of the i workers, with S(π i ) proportional to the sampling weight i π . In the empirical section, we present results for both the expected value of each distribution, and percentile values F -1 (z) and F* -1 (z) for the 10 th , 50 th , and 90 th percentiles.
Because we do not observe the entire history of earnings and asset returns, we specify the distribution of these variables. We assume that the structure of the earnings process is given by:
where ln(y it ) is the natural logarithm of earnings y it , which is assumed to follow a random walk with a quartic drift in age, represented by X it .
7 For computational simplicity, we ignore transitory shocks to earnings. 8 The randomness in earnings is characterized by the T-1 vector of error terms {ε it }. We project earnings forward using these error terms (i.e., given earnings in year t, ε it+1 yields y it+1 ), and project earnings back where appropriate using analogous error terms.
Computing expected pension benefits requires, at a minimum, the evaluation of a T-1 dimensional integral over all of the shocks to earnings. Since it is not possible to evaluate the distribution function G analytically, we instead simulate the probability distribution of earnings 7 The age-related components of earnings growth were estimated from the March 1983 Current Population Survey by regressing the logarithm of annual earnings on age, age 2 , age 3 , and age 4 for full-time, white male workers (see Murphy and Welch, 1990) . 8 Omitting transitory shocks will make DB plans appear to be less risky, as most of them calculate benefits based on a short average of earnings at the end of the working years where transitory shocks may play an important role. in other words, they are assumed to rebalance their portfolio to maintain the same asset share.
The 1xT vector of returns is written as a weighted average of the asset-specific returns, =
ρ . Asset returns are sampled with replacement from historical rates of return.
IV. Data and Parameterization
Our estimates of pension benefits are based on the household data in the Surveys of Consumer Finances (SCF) and the companion Pension Provider Surveys (PPS). Conducted triennially since 1983 by the Federal Reserve Board, the SCFs are designed to provide a comprehensive survey of household wealth in the United States. Each survey collects detailed information on income and wealth for both a representative cross-section of households and a special sample of high-income households identified from tax returns (Avery, et. al., 1984a,b) .
For every respondent or spouse in the 1983 and 1989 SCF samples who reported being covered by a pension, the PPS attempted to obtain the summary plan description for the plan from the pension provider, usually the employer. The original documentation for the PPS in Curtin (1987) contains template programs that convert the PPS data into formulas to compute benefit entitlements under each plan. We have revised the original formulas to allow for individual-specific investment allocations, stochastic wage profiles, and stochastic investment returns. plan is not found in the PPS are assigned a pension plan according to an imputation procedure described in Samwick and Skinner (1998) .
In DB plans, the annual benefit payment is typically specified in nominal terms and may change over time, such as providing an extra benefit in years before Social Security benefits are available. We therefore calculate the actuarial present value of the benefits and convert this actuarial present value into a constant, real annuity beginning at the age of retirement. For DC plans, we compute the constant, real annuity that could be supported by the balance in the account as of the retirement date. For DC plans obtained from the PPS in 1983 or 1989, we use the plan formula to determine employer contributions and self-reported data to determine employee contributions and investment allocations. For 401(k) plans in the various years of the SCF (spanning 1989 to 2001), we use self-reported data on the employer contributions as well. 10 Comparisons of 1983 DB pension benefits in the sample excluding workers who report that they are not covered by Social Security versus 1983 DB pension benefits in the sample excluding public sector employees show little Pension plans in the PPS that predict zero retirement benefits are excluded from our central simulations; these include DB plans that had been phased out or those with Social Security offset provisions that incorrectly assign zero benefits in some scenarios. In the SCF household surveys, there are a small percentage of workers who claim to be covered only by a 401(k) plan who nonetheless have no reported 401(k) contribution (by both the employer or employee); this percentage ranged from 2.7 to 4.7 percent depending on the year of the survey (see Table 1 ). Given our assumption that the annual contribution is maintained throughout the worker's employment, these workers would be predicted to end up without any pension. It is highly unlikely, however, that these workers would remain zero contributors their entire livessince roughly three-quarters of these zero-contributors have 401(k) asset balances from prior contributions -but we will also present "lower bound" estimates under the assumption that workers will end up at retirement without any pension. 14 difference. We are grateful to Arthur Kennickell for suggesting this approach. 11 The matched plans could actually be any type of tax-deferred savings plan; for simplicity, we refer to all such taxdeferred saving plans as 401(k) plans in the text. 12 Although the sampling frames are slightly different, the implied pension coverage and contribution rates are consistent with those from the CPS for the 1988 and 1993 . (See Samwick and Skinner, 1998 14 Recall that all simulations exclude zero pension outcomes for defined benefit plans. Excluding noncontributors could impart an upward bias by assuming that temporarily high contributors contribute that amount for the rest of their lives.
The SCFs between 1989 and 2001 report contribution and asset allocation information for up to four pension plans per worker. For each of their three largest accounts, we assigned shares of equity in each 401(k) plan to 100, 0, and 50 percent, depending on whether respondents indicated that the account was invested "mostly or all in stock," "mostly or all in interest earning assets," or "split between these." 15 The proportion of the accounts invested mostly in stocks increased from 23.69 percent in 1989 to 54.54 in 2001.
Individuals may hold a large part of their portfolio in company stock. 16 Holden and VanDerhei (2002a) estimated that 42 percent of enrollees in 1996 were given the option to purchase company stock; of these, 65.5 percent held some company stock in their portfolio, with 15.3 percent holding more than 90 percent. We randomly assigned company stock ownership to match the overall distribution of company stock ownership in Holden and VanDerhei (2002a) .
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With regard to rates of return, we use data from Siegel (1992, updated from the distribution of real stock return, discretized into 0.5 percent segments.) To capture the probability of an Enron-style collapse, we convert the bottom 0.5 percent of company stock returns to bankruptcy (i.e., -100 percent returns).
15 Because this question was not asked in 1983, we randomly assigned the 1989 allocations to the 1983 DC plans where necessary. The proceeds of the fourth account were assumed to be invested in the same proportions as the other three in our simulations. All miscellaneous investment allocations were classified as "interest bearing." In our parameterization of investment allocations, we assume that all "interest earning" assets are evenly divided between short-term and long-term bonds. 16 See Holden and VanDerhei (2002a) , Mitchell and Utkus (2002) , and Liang and Weisbenner (2002) . We assume that earnings shocks are not correlated with asset returns (Davis and Willen, 2000) . Unfortunately, company stock returns could not be matched to individual workers. worker is assumed fully employed until age 62, although in subsequent simulations, we allow the worker to switch jobs or retire early. We set σ = 0.13 in equation (3), meaning that the standard deviation of the (permanent) innovation in log earnings is 13 percent per year. 20 Economy-wide real earnings growth is assumed to be 1.5 percent annually, and both the real interest rate and the inflation rate are 3 percent. Finally, we simulate one earnings and asset draw for every 1,000 workers in the sample population weights, for a total of 39,784 simulations for the 1983 data and 40,203 for the 1989 data.
V. Empirical Results

Counterfactual Comparisons
We first consider the counterfactual, where individuals in DB plans are assigned randomly chosen 401(k) plans along with the corresponding asset allocation and contribution 17 For example, 6.5 percent (0.42 x 15.3 percent) of 401(k) enrollees hold 90-100 percent of their entire portfolio in company stock. Midpoints of deciles (in this case 95 percent) were used in the numerical calculations. 18 The mean return on individual (company) stock is higher because rates of return when these data were available (1926-90) were higher than the entire period . 19 We base these load factors on average operating expenses in 1998, reported in ICI (2002). The ICI report further adjusts administrative costs by "distribution costs," to adjust for front-end costs of mutual funds. However, their distribution costs are simply the total costs in that year divided by outstanding assets, and thus would be biased upward if mutual funds were expanding (as they were in 1998). Thus we take the average front-end sales costs (1.8 percent for the 44 percent of plans charging such costs), plus 12b-1 costs, and amortize over an assumed 10-year holding period, and add this 9 basis point charge to both stocks and long-term bonds. We assume no administrative costs for company-owned stock. 20 Topel and Ward (1992) and Samwick (1993) estimate the standard deviation of the permanent innovation in log earnings to be about 13 percent.
rates; these are presented using 1983 workers and DB plans in Table 2A, The next two columns make the analogous comparison for the 26 percent of the sample in 1983 with combined DB and DC plans. These workers may have a plan that has important attributes of each type of plan, or they may simply have two or more plans with at least one of each type. We take a conservative approach by replacing both the DB and the DC plan with just a single 401(k) plan. Median benefits from the 401(k) plan alone are less than the benefits from the combined DB and DC plan ($15,108 versus $23,152) . The final two columns of Table 2A compare the larger group of DC plans (of which 401(k) plans are a subset) from the 1983 PPS against 401(k) plans from 1995. The higher median benefits for the 401(k) plans in 1995 suggest that typical defined contribution plans have become more generous since 1983. Table 2B performs the same counterfactual experiment as in Table 2A , now using the sample of plans from the PPS 1989. Once again, for workers with only DB plans, mean benefits from 401(k) plans are substantially larger at $25,531 than are benefits from their original DB plans at $19,102. However, median benefits are 10 percent lower for 401(k) plans ($11,274) compared to DB plans ($12,524) . (Including noncontributors in the sample reduces median benefits to $10,176, although the mean is still higher.) As well, the 10 th percentile pension is lower for the 1995 401(k) plan, $1,716 compared to $2,421.
Unfortunately, the lack of a pension provider survey in the SCFs later than 1989 precludes a direct comparison of 1995 401(k) plans with 1995 DB plans. However, other evidence suggests that the characteristics of DB plans in 1995 were not substantially different from those in the 1989 sample (Gustman et al., 1998) . If anything, the introduction of cash balance plans later in the 1990s has eroded the generosity of existing DB plans, at least for workers who remain in their job until age 62 (Clark and Schieber, 2002) . Thus, we view the 1989 PPS sample of DB plans as reflecting the upper bound on the generosity of current DB plans. Indeed, the 1983 sample of DB plans are probably more representative of pensions available at the dawn of the 401(k) era. Table 3 presents the distribution of pension benefits for the benchmark individual.
Benchmark Comparisons
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Because real income is held constant over time, we can evaluate secular changes in the generosity of pension plans. As noted by Gustman and Steinmeier (1998) , DB plans in 1989
were more generous than DB plans in 1983 along all points of the distribution, perhaps reflecting the retirement of the least generous DB plans during this period (e.g., Papke, 1999; Ippolito and Thompson, 2000) .
In the counterfactual exercise, the 1989 DB plan provides a higher mean and median payment than the corresponding 1989 401(k) plan. However, by 1995 expected benefits from the 401(k) plans provided higher retirement benefits at both the mean and median, although the 10 th percentile is still below that for the 1989 DB plans. Figure 1 shows the entire distribution of benefits in the two samples. The distributions are very close until the medians, above which the 401(k) plans show increasingly larger benefits. The expected benefits from 401(k) plans have continued to grow through the latter 1990s, so that by 2001 even the 10 th percentile from the 401(k) plan is roughly equivalent to the corresponding percentile from the 1989 DB plans. The secular growth in benefits reflects higher contribution rates and a shift away from the very lowyield short-term bonds. These results are robust to including the 4.36 percent of 401(k) enrollees with zero benefits. Table 4 presents benchmark estimates for this larger group. While in 1995, median and mean benefits are larger for 401(k) plans than for the 1989 DB plans, the gap between 10 th percentile 401(k) and DB benefits have widened.
To consider these differences in a unified framework, we use a utility-based comparison 22 To construct the benchmark worker, we begin with the average real income ($40,218) and age (42) of the 1983 sample, and used the age-earnings profile to project average earnings back to age 31, resulting in initial earnings of $27,092 in constant 1995 dollars for each simulated earnings history. We specify fulltime work of 2080 hours per year and voluntary contributions to DC plans of 5.68 percent, the sample mean. We simulate earnings forward from age 31. For the 1989 simulations, we maintain the same real earnings at age 31 (and earnings dynamics), but adjust nominal earnings to the 1989 price level ($19,500) and change the worker's birth date to 1958 from 1952.
where we estimate the degree of relative risk aversion under which 401(k) plans would be preferred to the "DB Only" option. To approximate the actual income the worker is likely to have, we add the pension benefits to the Social Security benefits the worker would receive under the same earnings profiles. Using the 1995 401(k) plans that exclude zero contributors, we find that all workers with an Arrow-Pratt measure of relative risk aversion γ ≤ 6 would prefer the 401(k) to the corresponding DB plans; the value is even higher in comparison to the 1983 DB plans. The "lower bound" estimates that include 1995 401(k) noncontributors (with zero pension income), the indifference point is γ ≤ 2 (relative to the 1989 DB plans) and γ ≤ 4 (relative to the 1983 DB plans). Even when noncontributors are included in the sample, individuals with γ ≤ 7 prefer the distribution of returns from the 2001 401(k) plans in comparison to 1989 DB plans.
Most estimates of relative risk aversion are substantially below this value (see Halek and Eisenhauer, 2001) . In sum, these results suggest that 401(k) plans, particularly those observed in more recent years, are preferred to defined benefit plans for all but the most risk averse individuals.
Additional Sensitivity Analysis
Having established our main results regarding the comparison of "DB Only" and 401(k) plans, we further investigate the sensitivity of our results in the remaining columns of Table 4 .
The first is to lower equity returns by 2 percentage points (Column 3). The returns on the 401(k)
plans are reduced such that the average return is roughly equal to the corresponding DB plans, but the median benefit $12,081, or 8 percent below the DB plan benefit. (The 10 th percentile is largely unchanged.) The second sensitivity test is with regard to administrative fees. There is considerable variation across plans with regard to fees, with the largest and most efficient plans charging roughly 30 basis points. Lower mutual fund fees have a substantial positive impact on benefits, raising the median by 10 percent and the 10 th percentile by 17 percent. Finally, lowering the retirement age to 55 will take advantage of some of the early retirement provisions in DB plans, while reducing the length of time for investments to grow in 401(k) plans.
Surprisingly, the reduction in median benefits is greater for the DB plans than for the 401(k)
plans, a 51 percent decline ($13,151 to $6,431) for DB plans versus a 44 percent decline ($13,942 to $7,861) for the 401(k) plans. Similar changes are observed for other points in the distribution as well.
Job Changes
In our main comparisons, we assumed that workers were covered by the same pension from age 31 to 62. The final retirement benefits of both DB plans and 401(k) plans can suffer if the worker changes jobs before retirement. For DB plans, final average pay used to calculate retirement benefits when the worker is eventually eligible is the nominal wage when he left the firm. This lack of indexation causes DB benefits to be backloaded-a disproportionate share of the retirement benefits for long career workers are accumulated in the years prior to the (early or normal) retirement age. For 401(k) plans, the danger is not the backloading of benefits but the potential for spending pre-retirement lump sum distributions rather than rolling them over into other retirement or savings accounts.
To assess the consequences of job turnover on eventual retirement income distributions, to 53), the median DB wealth is just 65.6 percent of the median 401(k) balance, allowing more than one-third of the lump sum distribution to be spent rather than saved. 25 Factoring in the 31.3 percent higher DB benefits for the Late Career job, and allowing the portion of lump sum distributions that are saved to compound at a real interest rate of 3 percent, a policy of saving 37 percent of both pre-retirement distributions at the median would be sufficient to maintain parity 23 We allow the worker to remain employed for at least 10 years in each job to ensure that they do not run afoul of DB vesting restrictions in the 1983 survey. Jobs that end before 5 years, the current vesting period, would lessen DB pensions even more. 24 Retirees may face adverse selection in attempting to purchase annuities outside of a group, although Brown, Mitchell, and Poterba (2000) suggest that private annuity purchasers are receiving nearly fair market rates. 25 Poterba, Venti, and Wise (1998) report that the probability of reinvesting lump-sum distributions based on the with the sequence of median benefits from the DB plans. Note that comparing remaining pension benefits does not capture a critical difference between the hypothetical loss in 401(k) benefits and the loss of DB benefits: at least 401(k) enrollees buy something they want, rather than having it revert to employers as it does under DB plans.
VI. Are Workers Really Better Off Under DC Plans?
One important limitation of our analysis is that we focus just on retirement benefits and not on the general equilibrium wage and saving effects that could occur as DC plans cover a larger fraction of workers. A standard life cycle model would suggest that, aside from tax issues, the form of the pension plan is irrelevant to the worker's retirement security. What matters is the total compensation package of the worker, which includes both wages and fringe benefits. Any changes in the pension plan can be neutralized by the appropriate adjustment to net wages and the non-pension wealth of the worker. For example, a shift from a DB plan funded by the employer to a DC plan funded entirely by employee contributions has a first-order impact on the overall wage of the worker. To keep compensation constant, employers would increase the gross wage by the amount they had previously contributed to the DB pension fund. Thus our comparisons tend to be biased against DC plans, since increasing gross earnings along with randomly assigning a 401(k) plan would also increase simulated 401(k) benefits.
However, suppose that employers understood that DC plans provided generally superior benefits to employees at retirement. In this case, employers could respond by reducing wages while keeping the overall level of compensation (wages plus pensions) the same. But for this effect to dominate the opposite bias noted above, it would have to be the case that DB plans yield lower retirement benefits than the 401(k) plans counting only employer contributions, something that we do not find in our (unreported) simulations. Thus, we argue that general equilibrium effects would tend to be biased against 401(k) plans relative to DB plans.
It could also be the case that workers are simply saving less in conventional saving accounts in response to the increase in 401(k) employee contributions. In this case, there is a complete offset between taxable saving and tax-deferred saving, with little improvement in financial security at retirement. While there is still some controversy regarding the impact of 401(k) plans on higher income households, even the critics of 401(k) plans find a net positive impact on lower or middle-income contributors.
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VII. Conclusion
The surprisingly rapid increase in the number of defined contribution pension plans raises an obvious question: will such plans provide adequate retirement income security compared to the previously dominant defined benefit plans? We have addressed this question using a large sample of workers and detailed information on their pension plans from the Surveys of Consumer
Finances from 1983 through 2001 along with simulated earnings and asset returns, including returns from company-owned stock. Our results suggest that generally, 401(k) plans, particularly those provided in later years, are as good or better providing than DB plans in providing for retirement. While benefits at the 10 th percentile are generally lower among 401(k) plans, utility-based comparisons generally favor 401(k)s across a wide range of risk aversion parameters, particularly 401(k) plans from more recent years. The intuition behind this result is that stock market returns are largely uncorrelated, so that over the worker's employment career, low rates of return tend to be balanced by higher rates of return. By contrast, defined benefit plans tied to the final years of earnings expose the worker to considerable earnings risk.
These results would be strengthened in a more complex model where DB plans could 26 See Poterba, Venti, and Wise (1996) , Engen, Gale, and Scholz (1996) , Hubbard and Skinner (1996) , Engen and Gale (2000) , and Khitatrakun, Kitamura, and Scholz (2000) .
reduce benefits ex post, for example with cash balance plans (Clark and Schieber, 2000) or because of default and government subsidies to pay existing DB claims. The Pension Benefit Guaranty Corporation, which insured DB pension plans, recently reported a $5.4 billion deficit, and the automobile industry pensions are reported underfunded by $60 billion (Kandarian, 2003) .
There are two important reasons why 401(k) plans may fall short of defined benefit plans.
The first is inadequate (or zero) contribution rates. While fewer than 5 percent of workers without defined benefit plans who are offered 401(k)s fail to contribute in any form, legislation that sets minimum contribution rates could improve retirement benefits substantially for the bottom decile of pension benefits (Samwick and Skinner, 1997) . Second, our sensitivity analysis has shown the importance of investment fees for administering 401(k) balances. Any advantages of 401(k) plans over DB plans can be largely eroded with the often very high load factors found in smaller 401(k) plans (USDOL, 1998a) . Still, despite the recent media outcry to the contrary, our results suggest that the trend toward 401(k) plans has strengthened the retirement security of current workers. 
